We have prepared organic-inorganic hybrid materials (OIHM), incorporating an organic phase in the inorganic precursor sol in combination with the assisted high power ultrasounds. A sonoormosil, results after gelation. Colloidal silica particles have been added to these hybrids to enable network porous volume and pore radius to be tailored. Finally, in vitro bioactivity of this material has been promoted by adding calcium to the initial sol. The structure and bioactivity of these materials have been studied as preliminary step that includes their mechanical behaviour. These materials have a very fine structure especially when colloidal silica particles are included. When are immersed in a solution simulating blood plasma they are bioactive, presenting a better in vitro behaviour the sample with colloid particles
INTRODUCTION
Organic-inorganic hybrid materials (OIHM) are being used for implants since they are tolerated by the human organism that creates a fibrous tissue when they are embedded in the body. However, they do not become bonded to the bone unless they are bioactive. In such case, a layer of hydroxycarbonateapatite (HCA) grows wrapping the material when it is immersed in blood plasma. HCA layer is also formed when bioactive materials are soaked in solutions mimicking the features of plasma. For their complete performance, these materials require to approach their mechanical behavior to that of the bones.
Recently, several mixtures obtained by ultrasonic agitation of colloidal silica with a sol solution containing tetraethoxysilane (TEOS) were used to form crack-free monoliths. The addition of colloid silica particles to TEOS-based alcogels has enabled network porous volume and pore radius to be tailored. We have used this combination colloid-polymer as precursor of the inorganic part of the OIHM with the aim of tailoring the porosity to control the density and mechanical strength in the range of those of human bones. Finally, in vitro bioactivity of this material has been promoted by adding calcium to the initial sol. In ormosils, it has been shown that Ca cations together with unreacted silanol form the bioactive hydroxyapatite layer in a simulated body fluid. The effect of calcium addition in the microstructure of the OIHM was studied.
EXPERIMENTAL
Silanol-terminated PDMS with quoted average molecular weight of 400-700, and TEOS were used. A device delivering to the system 0.6 w·cm -3 of ultrasound power was employed. A two- 3 to have a final product containing 3% weight of Ca. This sample was numbered as #3. A counterpart was prepared as well adding 10% weight of colloidal silica (Aerosil-OX-50, Degussa®) under vigorous stirring until a homogeneous mix is obtained. This sample will be referred as #4. Next, the pH was rised up to 4.5 by adding diluted OHNH 4 . The homogeneous liquids were poured in glass hermetic containers at 50°C until gelation. Supercritical drying was performed in autoclave with ethanol (T = 260ºC, P = 90 bar) following the procedure already described [1] .
X-ray scattering measurements were performed in a conventional geometry with monochromed Cu K α line (λ = 0.1542 nm). The scattering vector modulus was selected in the small angle range: 0.21 < q < 7 nm -1 (SAXS) with steps of 0.028 nm -1 . Isothermal nitrogen adsorption-desorption at 77K was done in an automatic device. Pore size distributions were calculated from the desorption branch by the Barret-Joyner-Halenda (BJH) method [2] and the specific surface (S BET ) by Brunauer-Emmet-Teller (BET) method.
In vitro assays of bioactivity were performed by soaking the samples in Simulated Body Fluid (SBF), an acellular aqueous solution with inorganic ion composition almost equal to human plasma, proposed by Kokubo et al. [3] . After periods up to 7 days in 40 mL of SBF at 37ºC, the pieces were removed from solution, gently rinsed with water and acetone and dried at room temperature. To avoid the micro-organism contamination, the in vitro solution was previously filtered with a 0.22 µm Millipore system, and all the manipulations of samples were performed in a laminar flux cabinet.
Before and after the treatments in SBF, samples were analysed by Fourier Transform Infrared (FTIR) spectroscopy and observed by Scanning Electron Microscopy (SEM)-Energy Dispersive X-ray Spectroscopy (EDX). For the SEM study, the samples were coated with a film of gold. For the EDX analysis, pieces coated with carbon were used, to avoid the overlap of one peak of gold with the K line of phosphorus. The structure of as prepared hybrids and of materials formed on their surfaces after 7 days in SBF, were studied by High Resolution Transmission Electron Microscopy (HRTEM). Image Fourier filtrations were obtained from HRTEM images, by windowing the Fourier Transform.
In general terms, those materials coated by a layer of amorphous calcium phosphate that crystallises in carbonate hydroxyapatite (CHA) after be soaked in SBF are categorized as bioactive. The biologically active CHA layer facilitates the interaction of material and biological entities, and it was proposed as a first phase in the sequence of reactions that yield to the creation of a mechanically strong bond between the bioactive materials and the living tissues [4] .
RESULTS AND DISCUSSION

Structure
Downward the low-q region of SAXS ( Figure 1 ) the hybrid sono-aerogels patterns increases the intensity, indicating heterogeneities in the structure above 3 nm of correlation length. The pore volume distributions point to the same feature; they are bimodal with maxima at 1 and 4 nm; the sample without Aerosil presents an ample distribution for pore radius between 15 and 100 nm too. Both sample #3 and #4 have a feature at q = 4.3 nm -1 that accounts for a medium range order produced by the entanglement of the organic polymer chains. It is established that ultrasonic treatment avoids cyclidation of chains and increase its crosslinking. Moreover, slopes m > -4 can be observed, indicating the low branched network. That feature is sharper in the case of the Aerosil containing sample; this difference is accompanied by a shoulder at q = 0.62 nm -1 that does not appear in the hybrid without Aerosil , caused by the presence or not of scattered colloidal silica. Porod'slaw for SAXS [5] , enables the quantity S/V to be calculated. S and V are, respectively, the surface and the volume of one of the two phases of volume fraction φ. Another important parameter from Porod's analysis is the mean chord length: c l . It represents the harmonic average of the pore and solid chord which may be considered as the weighted average size of each phase, p l and s l included in Table 1 . Inset in Figure 2 (a) shows the FT diffraction pattern corresponding to #3, where the broad diffused scattering and rings at low angle are indicative of an amorphous material. However, a more interesting microstructure can be observed in the corresponding Fourier filtered image (Figure 2 (a) ), which clearly shows different areas presenting strong dots ordered in crystalline blocks, as marked by a rectangle. Assuming that these dots are correlated to the positions of tetrahedral [SiO 4 4-] units, an average distance between these tetrahedra of 0.40 nm is measured. On the other hand, local quasi-crystalline blocks, marked by circles, also appear besides, some kind of chains, marked by arrows, connecting these different blocks is also. EDX microanalysis confirms that the Ca distribution seems to be very heterogeneous along the crystal. ] tetrahedra seem to suggest a lower Ca content into the hybrid network. FT diffraction pattern also presents broad diffused scattering and rings at low angle. Moreover, some crystalline domains with interplanar spacings between 0.25-0.28 nm, were observed in the glassy matrix. Effectively, some weak spots appear in the corresponding FT diffraction pattern, indicating the existence of some degree of order (inset in Figure 2 b) .
The volume/surface ratio calculated from SAXS data according to the Porod's law is very high, more than one order of magnitude longer than that calculated by BET method. This indicates a fine structure inaccessible to the N 2 . This structure is formed by the organic phase chains, as it can be observed in the HRTEM image of the sample 3 ( Figure 2) In vitro behaviour of hybrids in a solution simulating blood plasma Figure 3 shows the FTIR spectra of #3 and #4 before and after be soaked for different times in SBF. As observed, both spectra of as prepared hybrids (t=0) are identical showing bands at 1040 and 440 cm -1 , that can be assigned to Si-O normal vibration modes, and bands at 1263, 848 and 802 cm -1 of Si-CH 3 modes. After 1 day in SBF the spectra remains similar, but a low intensity band at 568 cm -1 is now present. This band could be assigned to a P-O vibration mode [6, 7] which would indicate the incipient formation of an amorphous calcium phosphate. It must be considered that for materials with high bioactivity, this P-O band is observed at the initial soaking times in SBF, but then the intensity of the band increases with the increasing of the soaking time and is finally split in bands at 603 and 570 cm -1 , when a nanocrystalline CHA is formed [8] . However, for samples #3 and #4 up to 7 days of immersion in SBF the intensity of the band at 568 cm -1 remained unchanged with respect to the sample soaked for 1 day in SBF. These results would be indicative of a low in vitro bioactivity for both samples. To confirm the formation of calcium phosphate on the hybrids after the in vitro assays, the variations in their surfaces with the soaking time in SBF were also studied by SEM and EDX. In Figure 4 the SEM images and the correspondent EDX spectra of # 4 after, 0, 1, 3 and 7 days of immersion in SBF are shown. After 1 day, the SEM micrograph does not show significant differences with respect to the initial sample (t=0). However, after 3 days in SBF # 4 surface appears cracked forming deep channels. After 7 days, it seems that some kind of material is formed into the channels. The correspondent EDX spectra show that the proportion of Ca and P in the material surface increases slowly during the first 3 days of assay, up to 0.14 mol-% for both elements. However, the EDS spectrum of the sample immersed 7 days shows the presence of significant amounts of P (0.75 mol-%) and Ca (1,4 mol-%). This result demonstrates the calcium phosphate formation on the surface of hybrid.
Thus, FTIR, SEM and EDX analyses have shown a low in vitro bioactivity for # 4 because it was not detected a layer totally covering the sample, neither the two bands at 603 and 570 cm -1 in the FTIR spectrum, even after 7 days in SBF. This low in vitro reactivity could be explained considering that a small amount of Ca 2+ was located into the #4 hybrid network. It must be considered that the mechanism of formation of CHA on these hybrids must be similar to the mechanism of formation on calcium silicate glasses, where the essential role played for the calcium ions was reported. In these glasses, the ionic interchange between Ca 2+ in solid and H 3 O + in solution increased the supersaturation of solution with respect to apatite and, simultaneously, increased the Si-OH (silanol) groups concentration in the hybrid surface, proposed as nucleation sites, both effects favouring the CHA formation [9] . Thus, a low amount of Ca(II) in the hybrid network would produce a insufficient concentration of silanol to nucleate CHA. However, the channels detected in the hybrid surface after 3 days in SBF facilitate the calcium phosphate formation, although this process considerably retarded compared with materials with high bioactivity levels, as certain compositions of sol-gel glasses [8] .
Regarding to #3, the formation of a calcium phosphate layer in SBF is still more delayed than in # 4 and not significant amounts of P and Ca on the surface were detected by EDX, even after 7 days in SBF. However, for #3 the cracking of the surface started after 7 days of assay, which suggest the possible formation of calcium phosphate on this sample for longer times of immersion.
CONCLUSION
The texture of OIHM-Ca 2+ sono-aerogels can be modified by the addition of SiO 2 colloidal particles in former steps of processing. It eliminates pore of size from 15 to100 nm resulting in a bimodal micropore region with maxima at 1 and 4 nm. The atomic structure is more ordered as well.
A low bioactivity behaviour is generally observed in both #3 and #4 OIHM-Ca 2+ sono-aerogels s due to the insufficient content of Ca 2+ to provide nucleation sites enough for CHA formation. Enhacement of bioactivity could be achieved by only increasing Ca 2+ concentration in these samples. Studies with higher Ca content samples are in progress.
